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(54) Control apparatus and method of continuously variable transmission 



(57) An apparatus and a method control a continu- 
ously variable transmission (18) of a motor vehicle 
which includes a power transmitting member (48) for 
power transmission by use of friction. A controller of the 
apparatus detects slippage of the power transmitting 
member in a predetermined period of running of the ve- 
hicle, and increases a clamping pressure that is applied 
to the power transmitting member when slippage of the 
power transmitting member is detected. The controller 
also stores a state of increase of the clamping pressure 
In a memory, and increases the clamping pressure ap- 
plied to the power transmitting member in accordance 
with a previous state of increase of the clamping pres- 
sure that was stored in the memory in a previous period 
of operation of the vehicle. 
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Description 

BACKGROUND OF THE INVENTION 
1- Field of Invention 

[0001] The invention relates to an apparatus and a 
method for controlling a continuously variable transmis- 
sion and, more particularly, to a technique for preventing 
deterioration of the durability caused by slippage of a 
power transmitting member. 

2. Description of Related Art 

[0002] For use in a continuously variable transmis- 
sions of a motor vehicle that transmits power or driving 
torque by use of friction with a power transmitting mem- 
ber, a control apparatus is known which is adapted to 
increase a clamping pressure applied to the power 
transmitting member when slippage of the power trans- 
mitting member is detected during a certain running pe- 
riod. An example of the control apparatus is disclosed 
in Japanese laid-open Patent Publication No. 9-324853. 
The continuously variable transmission disclosed in this 
publication is of a belt-and-pulley type having a pair of 
variable pulleys whose effective diameters are variable, 
and a torque transfer belt (serving as a power transmit- 
ting member) that is wound around the pulleys. In this 
transmission, the clamping pressure applied to the 
torque transfer belt is immediately increased if slippage 
of the torque transfer belt is detected while an engine 
load is increasing, for example, upon a start of the ve- 
hicle. Subsequently, if it is determined that the torque 
transfer belt is no longer slipping, the belt clamping pres- 
sure is returned to a normal clamping pressure that is 
determined based on the input torque and the speed ra- 
tio. 

[0003] With the control apparatus of the continuously 
variable transmission as disclosed in J P-A-9-324653 as 
identified above, the clamping pressure is returned to 
the normal clamping pressure if the power transmitting 
member (i.e., the torque transfer belt) is no longer slip- 
ping, and therefore the power transmitting member is 
likely to slip again if the vehicle running or operating con- 
ditions become close to the conditions under which the 
previous belt slippage occurred, during running of the 
vehicle. This undesirably results in reductions of the 
service life or durability of the power transmitting mem- 
ber. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the invention to pro- 
vide a control apparatus of a continuously variable 
transmission of a motor vehicle, which is adapted to suit- 
ably prevent a power transmitting member from slipping 
again after a slip was detected and eliminated by, for 
example, increasing a clamping pressure. 



[0005] To accomplish the above and/or other objects, 
the invention provides an apparatus and a method for 
controlling a continuously variable transmission of a mo- 
tor vehicle which is adapted to transmit power by use of 
5 friction with a power transmitting member thereof. The 
apparatus includes a controller that (a) detects slippage 
of the power transmitting member in a predetermined 
period of operation of the vehicle, (b) increases a clamp- 
ing pressure that is applied to the power transmitting 
io member when slippage of the power transmitting mem- 
ber is detected in the predetermined period; and (c) 
stores a state of increase of the clamping pressure in a 
memory. In the control apparatus, the controller increas- 
es the clamping pressure applied to the power transmi- 
ts ting member In accordance with a previous state of in- 
crease of the clamping pressure that is stored in the 
memory. With this arrangement, the power transmitting 
member is prevented from slipping again during a cur- 
rent period of operation of the vehicle following the pre- 
20 vious operating period in which slippage of the power 
transmitting member occurred. It is thus possible to 
avoid a reduction in the durability of the power transmit- 
ting member due to slipping thereof. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The foregoing and further objects, features 
and advantages of the invention will become apparent 
from the following description of a preferred embodi- 
30 ment with reference to the accompanying drawings, 
wherein like numerals are used to represent like ele- 
ments and wherein: 

Fig. 1 is a schematic diagram of a power transmit- 
35 ting apparatus of a motor vehicle to which a control 
apparatus according to an embodiment of the in- 
vention is applied; 

Fig. 2 is a diagram illustrating a portion of an oil 
pressure control circuit for controlling a belt-type 

40 continuously variable transmission in the power 
transmitting apparatus of Fig. 1, in particular, such 
a portion that is related to belt tension control; 
Fig. 3 is a diagram illustrating a portion of the oil 
pressure control circuit for controlling the belt-type 

45 continuously variable transmission in the power 
transmitting apparatus of Fig. 1, in particular, such 
a portion that is related to speed ratio control; 
Fig. 4 is a schematic diagram illustrating an electri- 
cal arrangement of the control apparatus of the em- 

50 bodiment shown in Fig. 1; 

Fig. 5 is a graph indicating a pre-stored relationship 
used for determining a target rotation speed in the 
speed ratio control performed by an electronic con- 
trol unit as shown in Fig. 4; 

55 Fig. 6 is a function block diagram illustrating control 
functions of the electronic control unit of Fig. 4; 
Fig. 7 is a flowchart showing a first portion of a belt 
slippage prevention control routine performed by 
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the electronic control unit shown in Fig. 4, wherein 
the first portion of the routine corresponds to a 
damping pressure state storing unit and others; and 
Fig. 8 is a flowchart showing a second portion of the 
belt slippage prevention control routine which cor- 
responds to a clamping pressure increasing unit. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0007] A preferred embodiment of the invention will 
be hereinafter described in detail with reference to the 
accompanying drawings. 

[0008] Fig. 1 shows a power transmitting apparatus 
10 that includes a belt-type continuously variable trans- 
mission 18 to which a control apparatus according to 
one embodiment of the invention is applied. The power 
transmitting apparatus 10 is of the transversely-mount- 
ed type, and is suitably employed in FF (front-engine 
and front-drive) type vehicles. The power transmitting 
apparatus 10 has an internal combustion engine 12 that 
is used as a power source for running the vehicle. The 
output of the engine 12 is transmitted to a differential 
gear set 22 via a torque converter 14, a forward/reverse- 
drive switching device 16, a belt-type continuously var- 
iable transmission (CVT) 18, and a speed reducing gear 
train 20, and is then distributed to right-hand and left- 
hand side drive wheels 24R 24L. The belt-type contin- 
uously variable transmission 18 is disposed in a power 
transmitting path between the engine 12 and the right 
and left drive wheels 24R, 24L 
[0009] The torque converter 14 has a pump impeller 
14p connected to a crankshaft of the engine 12, a bladed 
turbine 14t connected to the forward/reverse-drive 
switching device 16 via a turbine shaft 34, and a bladed 
stator 14s that is rotatabty supported on a non-rotational 
or stationary member via a one-way clutch. The torque 
converter 14 utilizes a fluid for transmitting power from 
the engine 1 2 to the switching device 1 6. A lockup clutch 
26 is provided between the pump impeller 14p and the 
bladed turbine 14t, and is capable of coupling the impel- 
ler 14p directly with the turbine 14t so that the impeller 
14p and the turbine 14t can rotate together as a unit. 
[0010] The forward/reverse-drive switching device 1 6 
generally consists of a double-pinion-type planetary 
gear set or device. The switching device 16 includes a 
sun gear 16s to which the turbine shaft 34 of the torque 
converter 14 is connected, a carrier 16c to which an in- 
put shaft 36 of the continuously variable transmission 
18 is connected, and a ring gear 16r. When a forward- 
drive clutch 38 disposed between the carrier 16c and 
the sun gear 16s is engaged, the forward/reverse-drive 
switching device 16 is rotated as a unit with the turbine 
shaft 34 being directly coupled with the input shaft 36, 
so that forward driving force is transmitted to the drive 
wheels 24R, 24L. When a reverse-drive brake 40 dis- 
posed between the ring gear 16r and a housing is en- 
gaged and the forward-drive clutch 38 is released, the 



input shaft 36 is rotated in a direction opposite to the 
rotating direction of the turbine shaft 34, so that reverse 
driving force is transmitted to the drive wheels 24R, 24L 
to run the vehicle in a reverse direction. 

5 [0011] The belt-type continuously variable transmis- 
sion 1 8 has an input-side variable pulley 42 which is pro- 
vided on the input shaft 36 and whose effective diameter 
is variable, an output-side variable pulley 46 which is 
provided on an output shaft 44 and whose effective di- 

io ameter is variable, and a torque transfer belt 48 that is 
wound around V-shaped grooves of the variable pulleys 
42, 46. In the continuously variable transmission 18, 
power is transmitted by utilizing friction between the 
torque transfer belt 48 serving as a power transmitting 

15 member, and inner walls of the V-shaped grooves of the 
variable pulleys 42, 46. The variable pulleys 42, 46 are 
provided with an input-side hydraulic cylinder 42c and 
an output-side hydraulic cylinder 46c, respectively, for 
changing the respective V-shaped groove widths or the 

20 engagement diameters of the torque transfer belt 48. A 
speed ratio control valve system 50 as shown in Fig. 3 
is provided in a hydraulic control circuit 52 for controlling 
the amount of a hydraulic fluid or oil supplied to or dis- 
charged from the hydraulic cylinder 42c of the input-side 

25 variable pulley 42, thereby to change the V groove width 
of each variable pulley 42, 46. As a result, the diameter 
(effective diameter) of each pulley at which the torque 
transfer belt 48 engages with the pulley is changed so 
that the speed ratio y (= the speed of rotation of the input 

30 shaft NIN/the speed of rotation of the output shaft 
NOUT) is continuously varied. 

[0012] The oil pressure P B in the hydraulic cylinder 
46c of the output-side variable pulley 46 corresponds to 
the clamping pressure applied to the torque transfer belt 

35 48 on the variable pulley 46 and to the tension of the 
belt 48. The oil pressure P B is closely related to the ten- 
sion of the torque transfer belt 48, namely, the pressing 
force of the torque transfer belt 48 applied to the inner 
wails of the V-shaped groove of each of the two pulleys 

40 42, 46. Thus, the oil pressure P B may also called "belt 
tension control pressure", "clamping control pressure" 
or "belt-pressing-force control pressure". In order to pre- 
vent slippage of the torque transfer belt 48 during an 
operation of the continuously variable transmission 18, 

45 the oil pressure P B In the hydraulic cylinder 46c is reg- 
ulated by a clamping pressure control valve 60 provided 
in the hydraulic control circuit 52. 
[0013] Figs. 2 and 3 illustrate an example of the hy- 
draulic control circuit 52. Fig. 2 shows a circuit related 

so to an operation of regulating the belt tension control 
pressure. Fig. 3 shows a circuit related to speed-ratio 
control. In Fig. 2, a hydraulic oil returned to an oil tank 
56 is pumped by a hydraulic pump 54 that is driven by 
the engine 12, and is then regulated to a line pressure 

55 P L by a line pressure regulator valve (not shown). After 
that, the regulated line pressure P L is supplied as source 
pressure to a linear solenoid valve 58 and to the clamp- 
ing pressure control valve 60. With magnetizing current 
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applied from an electronic control unit 66 (see Fig. 4) to 
the linear solenoid valve 58 being continuously control- 
led, the linear solenoid valve 58 regulates a pressure of 
the hydraulic oil supplied from the hydraulic pump 54, 
to generate a control pressure Ps whose level corre- 
sponds to the magnetizing current, which pressure Ps 
is then supplied to the clamping pressure control valve 
60. The clamping pressure control valve 60 generates 
an oil pressure P B that increases with an increase in the 
control pressure Ps, and supplies the oil pressure P B to 
the hydraulic cylinder 46c of the output-side variable pul- 
ley 46. In this manner, the clamping pressure applied to 
the torque transfer belt 48, that is, the tension of the 
torque transfer belt 48, is controlled to be as small as 
possible within a range in which slippage of the torque 
transfer belt 48 does not occur. As the hydraulic pres- 
sure P B increases, the belt clamping pressure, namely, 
the frictional force between the torque transfer belt 48 
and the variable pulleys 42, 46, is accordingly in- 
creased. 

[0014] The above-described hydraulic control circuit 
52 further includes a cutback valve 62. When the cut- 
back valve 62 is ON, the control pressure P s received 
from the linear solenoid valve 58 is supplied to an oil 
chamber 58a of the solenoid valve 58. When the cut- 
back valve 62 is OFF, the supply of the control pressure 
P s to the oil chamber 58a is discontinued, and the oil 
chamber 58a is exposed to the atmosphere. In this man- 
ner, the control pressure P s , and consequently the oil 
pressure P B , is switched to a lower level (i.e., is reduced 
or cut back) when the cutback valve 62 is ON, as com- 
pared with the case where the cutback valve 62 is OFF. 
The cutback valve 62 is switched ON in response to a 
signal pressure P 0N supplied from a solenoid valve (not 
shown) when the lockup dutch 26 of the torque convert- 
er 14 is ON (engaged). 

[0015] Referring to Fig. 3, the speed ratio control 
valve system 50 includes an upshift control valve 50 y 
and a downshift control valve 50q. The upshift control 
valve 50u controls the rate of change in the speed ratio 
in the upshift direction by supplying hydraulic oil of the 
line pressure P L exclusively to the hydraulic cylinder 42c 
of the input-side variable pulley 42 and controlling the 
amount of flow of the hydraulic oil thereto. The downshift 
control valve 50 D controls the rate of change in the 
speed ratio in the downshift direction by controlling the 
amount of flow of hydraulic oil discharged from the input- 
side hydraulic cylinder 42c. The upshift control valve 
50 u has a spool 50yv that is movable between an open 
position and a closed position for allowing and inhibiting 
fluid communication between the input-side hydraulic 
cylinder 42c and a line oil passage L conducting the line 
pressure P L , respectively. The upshift control valve 50u 
further has a spring 50 us that urges the spool 50^ in 
the closing direction, and a control oil chamber 50 uc that 
receives the control pressure from an upshift-side sole- 
noid valve 64y. The downshift control valve 50 D has a 
spool 50 DV that is movable between an open position 



and a closed position for allowing and inhibiting fluid 
communication between a drain oil passage D and the 
input-side hydraulic cylinder 42c, respectively. The 
downshift control valve 50q further has a spring 50 DS 

5 that urges the spool 50 ov in the closing direction, and a 
control oil chamber 50qc that receives the control pres- 
sure from a downshift-side solenoid valve 64q. The up- 
shift-side solenoid valve 64g and the downshift-side so- 
lenoid valve 64q, which are driven with suitably control- 

10 led duty ratios by the electronic control unit 66, supply 
the control oil chamber 50 uc and the control oil chamber 
50dc with control pressures that are continuously 
changed. In this manner, the speed ratio y of the belt- 
type continuously variable transmission 18 is continu- 
es ously varied in the upshift or decreasing direction and 
the downshift or increasing direction. The downshift 
control valve 50 D is designed such that when the spool 
50 DV is in the closed position, a flow passage 61 having 
a small flow sectional area is formed between the line 

zo oil passage L and the input-side hydraulic cylinder 42c. 
When both the upshift control valve 50y and the down- 
shift control valve 50 D are in the closed states, a small 
amount of hydraulic oil is supplied from the tine oil pas- 
sage L via a restrictor 63, a one-way valve 65 and the 

25 flow passage 61 , so as not to change the speed ratio y. 
This is because slight leakage of hydraulic oil occurs 
due to a load applied to each of the input-side hydraulic 
cylinder 42c and the output-side hydraulic cylinder 46c 
unevenly with respect to the rotation axis thereof, even 

30 in the presence of a seal member 47 at a sliding portion 
[0016] As shown in Fig. 4, the electronic control unit 
66 receives a signal indicating an operated position P SH 
of a shift lever 67 from a shift-lever position sensor 68 
for detecting the operated position of the shift lever 67, 

35 and a signal indicating turning-on of an ignition key from 
an ignition switch 69 that is operated by an ignition key. 
The electronic control unit 66 also receives a signal in- 
dicating an accelerator position 0 ACC from an accelera- 
tor position sensor 72 for detecting the accelerator pedal 

*o position e ACC of an accelerator pedal 71 that changes 
the opening of a throttle valve 70, and a signal indicating 
an engine speed NE from an engine speed sensor 73 
for detecting the revolution speed NE of the engine 12. 
The electronic control unit 66 further receives a signal 

45 indicating a vehicle speed V from a vehicle speed sen- 
sor (or output-side rotation speed sensor) 74 for detect- 
ing the vehicle speed V (more specifically, the rotation 
speed Nqut of the output shaft 44), a signal indicating 
the input-shaft rotation speed N )N of the input shaft 36, 

50 from an input-side rotation speed sensor 76, a signal 
indicating a hydraulic oil temperature T OIL from an oil 
temperature sensor 78 for detecting the hydraulic oil 
temperature T 0 , L in power transmitting apparatus 10, or 
in the belt-type continuously variable transmission 18, 

55 and a signal indicating an oil pressure P B from a pres- 
sure sensor 80 for detecting the internal pressure P B in 
the hydraulic cylinder 46c of the output-side variable pul- 
ley 46, that is, the actual clamping control pressure P B . 
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[0017] The electronic control unit 66 includes a so- 
called microcomputer that is generally composed of a 
CPU, a ROM, a RAM, input and output interfaces, etc. 
By processing signals in accordance with programs p re- 
stored in the ROM while utilizing the temporary storage 
function of the RAM, the electronic control unit 66 per- 
forms speed ratio control, clamping pressure control, 
and other control operations for the belt-type continu- 
ously variable transmission 18. More specifically, in the 
speed ratio control, the electronic control unit 66 calcu- 
lates a target rotation speed N, N T based on an acceler- 
ator position 8 ACC (%), that is, the operating amount of 
the accelerator pedal that indicates an output require- 
ment made by an actual vehicle operator or driver, and 
the vehicle speed V (corresponding to the output-shaft 
rotation speed N OUT ). with reference to a pre-stored re- 
lationship (map) as shown in Rg. 5 by way of example. 
The electronic control unit 66 operates the speed ratio 
control system 50 so that the actual input-shaft rotation 
speed N, N becomes equal to the target rotation speed 
N, N T , thereby to control the amount of flow of hydraulic 
oil supplied into the hydraulic cylinder 42c of the input- 
side variable pulley 42 or discharged from the hydraulic 
cylinder 42c. The map indicated in Fig. 5 indicates rela- 
tionships that are predetermined so as to operate the 
engine 12 in accordance with an optimal curve that op- 
timizes engine output and fuel economy. In Rg. 5, *ymax 
represents a maximum speed ratio, and ymin represents 
a minimum speed ratio. 

[0018] In the clamping pressure control, the electronic 
control unit 66 calculates a belt clamping control pres- 
sure (target value) based on the actual speed ratio y and 
the actual input torque T IN of the transmission 18 or the 
accelerator position Oyvcc corresponding to the trans- 
ferred torque, with reference to a relationship (map) that 
is predetermined in order to achieve a necessary and 
sufficient oil pressure (target oil pressure corresponding 
to an ideal belt clamping pressure). The electronic con- 
trol unit 66 then causes the clamping pressure control 
valve 60 to regulate a pressure In the oil pressure control 
circuit 52 so as to provide the belt clamping control pres- 
sure thus calculated. 

[0019] Rg. 6 is a function block diagram useful for ex- 
plaining principal control functions of the electronic con- 
trol unit 66, including the belt clamping pressure control. 
During running of the vehicle, a speed ratio controller 
88 as shown in Rg. 6 calculates a target input-shaft ro- 
tation speed N (N T based on the actual accelerator posi- 
tion 0 ACC (%) and the vehicle speed V (corresponding 
to the output-shaft rotation speed N 0UT ), with reference 
to the predetermined relationship (map) as shown in, for 
example, Rg. 5. The speed ratio controller 88 then de- 
termines a duty ratio D (%) at which the upshift control 
valve 50g or the downshift control valve 50q of the speed 
ratio control valve system 50 is driven, so that the actual 
input-shaft rotation speed N, N becomes equal to the tar- 
get rotation speed N, N T . By performing feedback control 
in which the upshift or downshift control valve is operat- 



ed or driven at the duty ratio D, the speed ratio controller 
88 controls the amount of flow of hydraulic oil supplied 
to the hydraulic cylinder 42c of the input-side variable 
pulley 42 or discharged from the hydraulic cylinder 42c 

5 of the input-side variable pulley 42. 

[0020] In order to achieve a necessary and sufficient 
oil pressure (a target oil pressure corresponding to an 
ideal belt clamping pressure) for providing a clamping 
force applied to the torque transfer belt 48, having a 

10 force as small as possible within a range in which the 
torque transfer belt 48 will not slip, a clamping pressure 
controller 90 calculates a belt clamping control pressure 
(target value) P B T based on the actual speed ratio y and 
the accelerator position Q^cc corresponding to the 

15 transferred torque or the actual input torque T, N of the 
transmission 18, with reference to a predetermined re- 
lationship (map). The clamping pressure controller 90 
then causes the clamping pressure control valve 60 in 
the oil pressure control circuit 52 to regulate a pressure 

20 so that the actual clamping control pressure P B be- 
comes equal to the target value P B T . The aforemen- 
tioned relationship is determined based on, for example, 
theoretical values obtained for steady running of the ve- 
hicle. 

25 [0021] A slippage detecting unit 92 detects slippage 
of the torque transfer belt 48, if the actual speed ratio y 
of the belt-type continuously variable transmission 18, 
which is sequentially determined, exceeds a pre-set ref- 
erence value y B , or if the rate of change Ay in the speed 

30 ratio exceeds a pre-set reference value Ay c . The refer- 
ence value y B is preferably set to be greater by a prede- 
termined value than a maximum speed ratio ymax that 
is permissible in terms of the mechanism of the belt-type 
continuously variable transmission 18, namely, is set to 

35 the lowest value in a range of values that the speed ratio 
y cannot take in view of the mechanism of the transmis- 
sion 18. The reference value Ay c is set to a value that 
is greater by a predetermined value than the maximum 
rate Aymax of change In the speed ratio that is deter- 

40 mined in view of the mechanisms of the belt-type con- 
tinuously variable transmission 18 and the oil pressure 
control circuit 52. 

[0022] In order to stop slippage of the torque transfer 
belt 48 immediately after the slippage is detected, a 

45 clamping pressure increasing unit 94 increases the 
clamping pressure on the torque transfer belt 48 by 
means of the clamping pressure controller 90 by adding 
a predetermined value to the target clamping pressure 
P B T every time a slippage of the torque transfer belt 48 

so is detected by the slippage detecting unit 92. 

[0023] A clamping pressure state storing unit 96 
stores the state of increases of the clamping pressure 
caused by the clamping pressure increasing unit 94 dur- 
ing a predetermined period of running of the vehicle, for 

55 example, during one trip of the vehicle (which starts up- 
on turn-on of the ignition switch and ends upon turn-off 
of the switch, or which starts upon a start of the vehicle 
engine and ends upon a stop of the engine) so that the 



5 



9 



EP 1 158 214 A2 



10 



stored information can be used during the next running 
of the vehicle. The content thus stored is the state or 
degree of increase of the clamping pressure at the end 
of the predetermined period of running. The clamping 
pressure state storing unit 96 includes, for example, a 
slippage counting unit 98 that counts the number of slip- 
pages ""ns"" that have occurred, that is, increments its 
counter every time the slippage detecting unit 92 detects 
a slippage of the torque transfer belt 48, and a slippage 
count limiting unit 1 00 that limits the number of slippages 
°n s n counted by the slippage counting unit 98 to a pre- 
set upper limit value "n Smax ". The clamping pressure 
state storing unit 96 stores the number of slippages "iV 
that represents the state or degree of increase of the 
clamping pressure caused by the clamping pressure in- 
creasing unit 94. Each time the number of slippages "rig" 
is incremented, the clamping pressure is increased by 
a predetermined amount. Since the amount of an in- 
crease in the clamping pressure increases with the 
number of slippages "n 8 ", the aforementioned upper lim- 
it value "n Smax " is set to an empirically determined value, 
for example, about "3", in order to avoid a reduction in 
the durability of the torque transfer belt 48 due to an oth- 
erwise increased clamping pressure. 
[0024] A no-slippage determining unit 1 02 determines 
whether no slippage of the torque transfer belt 48 was 
detected by the slippage detecting unit 92 during a pre- 
determined running period, for example, during a run- 
ning period of one trip or a predetermined number of 
trips. If the no-slippage determining unit 102 determines 
that no slippage of the torque transfer belt 48 was de- 
tected by the no-slippage determining unit 102, a slip- 
page count decreasing unit 104 decreases or reduces 
the count of the slippage counting unit 98, i.e., the 
number of slippages n s , by a predetermined value, for 
example, "1". 

[0025] For the next running of the vehicle, the clamp- 
ing pressure increasing unit 94 increases the clamping 
pressure on the torque transfer belt 48 by adding, to the 
clamping pressure provided by the clamping pressure 
controller 90, an amount corresponding to the state or 
degree of increase of the clamping pressure that is ob- 
tained in the previous running and stored in the clamping 
pressure state storing unit 96, namely, an amount cor- 
responding to the number of slippages "n s " which Is 
equivalent to the aforementioned state of increase of the 
clamping pressure. 

[0026] Furthermore, if the number of slippages "ns* of 
the torque transfer belt 48 counted by the slippage 
counting unit 98 is equal to or less than a predetermined 
value, such as "1", the clamping pressure increasing 
unit 94 increases the clamping pressure on the torque 
transfer belt 48 by a pre-set basic addition value "A". If 
the number of slippages *n s n exceeds the predeter- 
mined value, the clamping pressure increasing unit 94 
serially increases the clamping pressure by the basic 
addition value A and further by a number of proportional 
addition val ues B that corresponds to the number of slip- 



pages n s . The proportional addition value B is set in ad- 
vance to be smaller than the basic increase value A. 
[0027] Fig. 7 is a flowchart illustrating an exemplary 
control operation of the electronic control unit 66 which 

s is related to a belt slippage prevention control. The proc- 
ess illustrated in Fig. 7 is cyclically executed at certain 
time intervals. In step SA1 , it is determined whether the 
content of a flag F D is equal to "1", which indicates that 
a slippage counter Cs has been decremented. The flag 

w FD is provided for preventing an erroneous decrement 
of the slippage counter Cs, and is cleared or set to "0" 
by, for example, turning off the ignition switch 69. In the 
initial control cycle, a negative decision "NO" is obtained 
in step SA1 , and the process proceeds to step SA2 to 

is determine whether the content of a slippage history flag 
Fs is "1". The slippage history flag Fs indicates occur- 
rence of a slippage of the torque transfer belt 48 during 
a previous trip of the vehicle. If a negative decision "NO" 
is obtained in step SA2, it is then determined in step SA3 

20 whether a no-slippage trip counter Cnos has been in- 
cremented during the present trip. If a negative decision 
(NO) is obtained in step SA3, T is added to the content 
of the no-slippage trip counter Cnos in SA4. That is, the 
no-slippage trip counter Cnos is Incremented in SA4. 

25 Subsequently in SA5, the content of the belt slippage 
history flag Fs is set to "0" and thus cleared. 
[0028] If an affirmative decision (YES) is obtained In 
step SA2 or step SA3, step SA4 for incrementing the 
no-slippage trip counter Cnos is skipped, and step SA5 

30 is immediately executed, that is, the slippage history flag 
Fs is cleared. 

[0029] Subsequently, step SA6 V which corresponds to 
the no-slippage determining unit 102, is executed to de- 
termine whether the content of the no-slippage trip 

35 counter Cnos has reached or exceeded a predeter- 
mined threshold value, for example, "3", namely, to de- 
termine whether no slippage of the torque transfer belt 
48 has been detected during a running period of three 
trips. This threshold value corresponds to a running pe- 

<o riod that is pre-set for check] ng if the torque transfer belt 
48 is in a clamped state with a clamping pressure large 
enough to avoid slippage of the belt 48. The theoretical 
value Is empirically determined beforehand. In SA7, it is 
determined whether the content of the slippage counter 

45 Cs is greater than "0", namely, whether at least one slip- 
page has been counted by the slippage counter Cs. 
[0030] If affirmative decisions (YES) are obtained in 
both SA6 and SA7, the process proceeds to SA8 corre- 
sponding to the slippage count decreasing unit 104. In 

so step SA8, the slippage counter Cs is decremented so 
that the content "n s " of the slippage counter Cs is re- 
duced by "1", and the content of the flag FD indicating 
that the slippage counter Cs has been decremented is 
set to w r. In this embodiment, the slippage counter Cs 

55 is decremented if no slippage of the torque transfer belt 
48 is detected during three trips of running. Conversely, 
if a negative decision (NO) is obtained In either step SA6 
or step SA7, the process immediately proceeds to SA9, 
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skipping SA8. 

[0031] Steps SA9 and SA10 correspond to the slip- 
page detecting unit 92. In step SA9, it is determined 
whether the torque transfer belt 48 slipped at the time 
of a start of the vehicle, based on, for example, whether 5 
the speed ratio y of the belt-type continuously variable 
transmission 18 exceeded a pre-set slippage judgement 
value Jq. If a negative decision (NO) is obtained in step 
SA9, it is then determined in SA10 whether a slippage 
of the torque transfer belt 48 has occurred during the 
running of the vehicle, based on, for example, whether 
the speed ratio-changing rate Ay has exceeded a pre- 
set slippage judgement value Ay c . 
[0032] If an affirmative decision (YES) is obtained in 
either step SA9 or step SA10, it means that a slippage 
of the torque transfer belt 48 has occurred, and then the 
control process proceeds to step SA11 corresponding 
to the slippage counting unit 98 to add T to the content 
"n s " of the slippage counter Cs for counting the number 
of slippages detected in step SA9 or SA10. That is, the 
slippage counter Cs is incremented. At the same time, 
the content of the slippage history flag Fs indicating oc- 
currence of a slippage of the torque transfer belt 48 is 
set to "1 and the content of the no-slippage trip counter 
Cnos is cleared or set to "0". 

[0033] Subsequently, steps SA12 and SA13 corre- 
sponding to the slippage count limiting unit 100 are ex- 
ecuted. In SA12, it is determined whether the content 
"n s " of the slippage counter Cs has become equal to or 
greater than a pre-set limit value "nsmax"* K 8 negative 
decision (NO) is obtained in step SA12, step SA13 is 
not executed. Conversely, if an affirmative decision 
(YES) is obtained in step SA12, the content "n s " of the 
slippage counter Cs is set to the limit value "n Smax " in 
step SA13. If a negative decision (NO) is obtained in 
both steps SA9 and SA10, steps SA11 to SA13 are not 
executed, but steps SA14 to SA17 corresponding to the 
clamping pressure increasing unit 94 are executed. 
[0034] In step SA14, It is determined whether the con- 
tent ns of the slippage counter Cs is equal to "1". If a 
negative decision (NO) is obtained in step SA14, step 
SA15 is not executed. Conversely, if an affirmative de- 
cision (YES) is obtained in step SA14, a clamping pres- 
sure addition value P UP to be added to the belt clamping 
pressure P B used by the clamping pressure controller 
90 is set to a basic addition value A. The control process 
then proceeds to step SA16 to determine whether the 
content "n s m of the slippage counter Cs is "2" or greater. 
If a negative decision (NO) is obtained in step SA16, 
step SA17 is not executed. Conversely, if an affirmative 
decision (YES) is obtained in step SA16, a clamping 
pressure addition value P UP is calculated from the ac- 
tual counter content "n s " according to a mathematical 
expression (1) as indicated below. For example, if the 
counter content "ns" of the slippage counter Cs is "0", a 
negative decision (NO) is obtained in both steps SA14 
and SA16, and therefore, the clamping pressure addi- 
tion value P UP Is set to zero. If the counter content "n s " 



is "1°, a relatively large clamping pressure addition value 
P UP (=A) is set in order to effectively suppress or elimi- 
nate belt slippage. If the counter content "ns" is m T 9 the 
clamping pressure addition value P UP is set to "A+B". In 
the mathematical expression (1), "B" is a proportional 
addition value that is added for each increase in the 
counter content "n s ", and is set to a value that is less 
than the basic addition value A (i.e., B<A). 

P up = A + (n s -1)xB (1) 

[0035] Therefore, in SA14 to SA17 corresponding to 
the clamping pressure increasing unit 94, if a slippage 
of the torque transfer belt 48 is detected during a pre- 
determined running period and the content "n s n °f th® 
slippage counter Cs is increased, the clamping pressure 
addition value P UP is increased for each increase in the 
counter content n s , and the clamping pressure on the 
torque transfer belt 48 is accordingly increased. When 
the ignition switch 69 is turned on upon a start of the 
next running of the vehicle, a clamping pressure addition 
value P UP is calculated in accordance with the counter 
content "n s " stored in the slippage counter Cs (clamping 
pressure state storing unit 96) in the previous and pre- 
ceding running periods, and the clamping pressure on 
the torque transfer belt 48 is increased by the calculated 
clamping pressure addition value P UP . 
[0036] As described above, according to the embod- 
iment, the clamping pressure applied to the torque 
transfer belt 48 is increased in the current running period 
by the clamping pressure increasing unit 94 (SA14 to 
SA17), In accordance with the state or degree of in- 
crease of the clamping pressure that was obtained dur- 
ing the previous running period and stored in the clamp- 
ing pressure state storing unit 96 (SA11). Therefore, if 
a slippage of the torque transfer belt 48 occurs during 
the previous running period or trip, the torque transfer 
belt 48 is prevented from slipping again in the current 
running period or trip. Hence, a reduction in the durabil- 
ity of the torque transfer belt 48 that would be otherwise 
caused by slippage is substantially prevented. 
[0037] Furthermore, the apparatus of the embodi- 
ment has the slippage detecting unit 92 (SA9, SA10) for 
detecting a slippage of the torque transfer belt 48, and 
the clamping pressure increasing unit 94 for Increasing 
the clamping pressure on the torque transfer belt 48 
every time a slippage of the torque transfer belt 48 is 
detected by the slippage detecting unit 92. Since the 
clamping pressure on the torque transfer belt 48 is in- 
creased by the clamping pressure increasing unit 94 
every time a slippage of the torque transfer belt 48 is 
detected by the slippage detecting unit 92, the slippage 
of the torque transfer belt 48 is immediately eliminated. 
[0038] Still further, according to the embodiment, the 
clamping pressure state storing unit 96 includes the slip- 
page counting unit 98 (SA11) for counting the number 
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of slippages or incrementing the count value of the slip- 
page counter every time a slippage of the torque transfer 
belt 48 is detected by the slippage detecting unit 92. Fur- 
ther, the apparatus of the embodiment further has the 
no-slippage determining unit 102 (SA6) for determining 
whether no slippage of the torque transfer belt 48 is de- 
tected by the slippage detecting unit 92 within a prede- 
termined number of running periods or trips, and the 
slippage count decreasing unit 1 04 (SA8) for decreasing 
the counter content °n s ° of the slippage counting unit 98 
if it is determined by the no-slippage determining unit 
1 02 that no slippage of the torque transfer belt 48 is de- 
tected within the aforementioned periods. The clamping 
pressure increasing unit 94 functions to adjust an 
amount of addition of the clamping pressure applied to 
the torque transfer belt 48 in accordance with the coun- 
ter content "n s " of the slippage counting unit 98. There- 
fore, if no slippage of the torque transfer belt 48 is de- 
tected by the slippage detecting unit 92 during the pre- 
determined number of running periods, the amount of 
the clamping pressure to be added by the clamping 
pressure increasing unit 94 is reduced to such an extent 
that no slippage of the torque transfer belt 48 will occur, 
thus assuring further improved durability of the torque 
transfer belt 48. 

[0039] Further, according to the embodiment, one trip, 
which is a period of vehicle run between a start of the 
engine caused by turning on the ignition switch 69 and 
a stop of the engine caused by turning off the ignition 
switch 69, is used as one running period of the vehicle. 
Since determination as to whether no slippage has oc- 
curred is made based on the state of slippage of the belt- 
type continuously variable transmission 18 monitored 
during a relatively long period as mentioned above, the 
reliability of the determination regarding the state of slip- 
page of the belt-type continuously variable transmission 
18 is enhanced. 

[0040] Further, according to the embodiment, the slip- 
page count limiting unit 100 (SA12, SA13) Is provided 
for limiting the number of slippages "n s " counted by the 
slippage counting unit 98 to a pre-set upper limit value 
"n Smax \ Since the number of slippages "n s " counted by 
the slippage counting unit 98 is limited to the pre-set up- 
per limit value "rism^", it is possible to avoid a reduction 
In the durability of the torque transfer belt 48 that would 
be otherwise caused by an excessively large clamping 
pressure applied to the belt 48. 
[0041] Further, according to the embodiment, if the 
number of slippages "ns" of the torque transfer belt 48 
counted by the slippage counting unit 98 is equal to or 
smaller than a predetermined value, e.g., "1", the clamp- 
ing pressure increasing unit 94 increases the clamping 
pressure P B by the pre-set basic addition value A. If the 
number of slippages "n s " exceeds the predetermined 
value, e.g., "1", the clamping pressure Increasing unit 
94 increases the clamping pressure P B by a multiple of 
the proportional addition value B by the number of slip- 
pages, which addition value B is pre-set to be less than 



the basic addition value A. When a slippage of the 
torque transfer belt 48 occurs for the first time, therefore, 
the slippage can be surely suppressed or eliminated, 
thus assuring an increased durability of the torque trans- 
5 fer belt 48. 

[0042] While the invention has been described with 
reference to the drawings, the invention may be embod- 
ied in various other fashions. 

[0043] Although the foregoing embodiment adopts 
io the generally termed belt-type continuously variable 
transmission 16 including the two variable pulleys 42, 
46 and the torque transfer belt 48 wound around the pul- 
leys, the invention is also applicable to other types of 
continuously variable transmissions, such as a toroidal 
15 type continuously variable transmission. In short, the in- 
vention is applicable to any type of continuously variable 
transmission as long as a power transmitting member 
(i.e., a torque transfer belt in the above embodiment) is 
disposed and clamped between an input-side rotating 
20 body and an output-side rotating body, and the speed 
ratio is continuously varied by changing the positions of 
contact of the power transmitting member with the input- 
side rotating body and the output-side rotating body. 
[0044] Although the trip as described above is used 
25 as the predetermined running period of the vehicle in 
the illustrated embodiment, it is also possible to use a 
running period between a start and a stop of the vehicle, 
a period in which the vehicle runs a pre-set distance, 
etc., or other period. 
30 [0045] In the foregoing embodiment, the slippage 
count decreasing unit 104 subtracts " 1 " from the counter 
content N n s n of the slippage counting unit 98 if no slip- 
page of the torque transfer belt 48 occurs during three 
trips. However, the counter content "n s " may be decre- 
es mented under a condition that no slippage occurs during 
any predetermined number of running periods that is 
equal to or greater than one. 

[0046] Although the clamping pressure increasing 
unit 94 calculates a clamping pressure addition value 
40 Pup fro™ an actual number of slippages "n s M based on 
the mathematical expression (1) in the illustrated em- 
bodiment, the use of the mathematical expression (1) is 
not essential to practice the invention. 
[0047] In the illustrated embodiment, the controller 66 
45 (shown in Figure 4) is implemented as a microcomputer. 
It will be appreciated by those skilled in the art that the 
controller can be implemented using a single special 
purpose integrated circuit (e.g., ASIC) having a main or 
central processor section for overall, system-level con- 
so trol, and separate sections dedicated to performing var- 
ious different specific computations, functions and other 
processes under control of the central processor sec- 
tion. The controller can be a plurality of separate dedi- 
cated or programmable Integrated or other electronic 
55 circuits or devices (e.g. , hardwired electronic or logic cir- 
cuits such as discrete element circuits, or programma- 
ble logic devices such as PLDs, PLAs, PALs or the like). 
The controller can be implemented using a suitably pro- 
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g rammed general purpose computer, e.g., a microproc- 
essor, microcontroller or other processor device (CPU 
or MPU), either alone or in conjunction with one or more 
peripheral (e.g., integrated circuit) data and signal 
processing devices. In general, any device or assembly 
of devices on which a finite state machine capable of 
implementing the procedures described herein can be 
used as the controller. A distributed processing archi- 
tecture can be used for maximum data/signal process- 
ing capability and speed. 

[0048] While the invention has been described with 
reference to preferred embodiments thereof, it is to be 
understood that the invention is not limited to the pre- 
ferred embodiments or constructions. To the contrary, 
the invention is intended to cover various modifications 
and equivalent arrangements. In addition, while the var- 
ious elements of the preferred embodiments are shown 
in various combinations and configurations, which are 
exemplary, other combinations and configurations, in- 
cluding more, less or only a single element, 8re also 
within the scope of the invention. 
[0049] An apparatus and a method control a continu- 
ously variable transmission (18) of a motor vehicle 
which includes a power transmitting member (48) for 
power transmission by use of friction. A controller of the 
apparatus detects slippage of the power transmitting 
member in a predetermined period of running of the ve- 
hicle, and increases a clamping pressure that is applied 
to the power transmitting member when slippage of the 
power transmitting member is detected. The controller 
also stores a state of increase of the clamping pressure 
in a memory, and increases the clamping pressure ap- 
plied to the power transmitting member in accordance 
with a previous state of increase of the damping pres- 
sure that was stored in the memory in a previous period 
of operation of the vehicle. 



Claims 

1 . An apparatus for controlling a continuously variable 
transmission (18) of a motor vehicle that transmits 
power by applying a friction force to a power trans- 
mitting member (48), wherein a clamping pressure 
applied to the power transmitting member is in- 
creased when a slippage of the power transmitting 
member is detected in a predetermined period of 
operation of the vehicle, characterized by compris- 
ing: 

storing means (96) for storing a state of in- 
crease of the clamping pressure; and 
claming pressure increasing means (94) for in- 
creasing a clamping pressure applied to the 
power transmitting member in accordance with 
a previous state of increase of the clamping 
pressure that is stored in the storing means 
(96). 



2. The apparatus according to claim 1, wherein the 
clamping pressure applied to the power transmitting 
member (48) is increased each time a slippage of 
the power transmitting member is detected. 

5 

3. The apparatus according to claim 1 or 2, charac- 
terized in that: 

said storing means comprises a counter (98) 
10 that counts a number of slippages by incre- 

menting a count value each time the slippage 
of the power transmitting member is detected; 
and that 

said clamping pressure increasing means ad- 
15 justs an amount of increase of the clamping 

pressure on the power transmitting member in 
accordance with the count value of the counter. 

4. The apparatus according to claim 3, further com- 
20 prising: 

means (104) for decreasing the count value 
of the counter when no slippage of the power trans- 
mitting member is detected during at least one pe- 
riod of time that corresponds to the predetermined 
25 period of operation of the vehicle. 

5. The apparatus according to claim 3 or 4, wherein 
the amount of increase of the clamping pressure is 
increased by a first addition value for each fncre- 

30 ment of the count value of the counter (98) when 
the count value is equal to or less than a predeter- 
mined value, and is increased by a second addition 
value for each increment of the count value of the 
counter when the count value is greater than the 

35 predetermined value, the second addition value be- 
ing set to be smaller than the first addition value. 

6. The apparatus according to any one of claims 3-5, 
wherein said storing means further comprises lim- 

40 Ring means (1 00) for limiting the number of the slip- 
pages stored in the counter to a predetermined val- 
ue. 

7. The apparatus according to any one of claims 1 -6, 
45 wherein the predetermined period of operation of 

the vehicle is a period between a start of an engine 
of the vehicle and a stop of the engine. 

8. A method for controlling a continuously variable 
so transmission (18) of a motor vehicle that transmits 

power by applying a friction force to a power trans- 
mitting member (48), wherein a clamping pressure 
applied to the power transmitting member is in- 
creased when a slippage of the power transmitting 
55 member is detected in a predetermined period of 
operation of the vehicle, characterized by compris- 
ing the steps of: 
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storing a state of increase of the clamping pres- 
sure; and 

increasing a clamping pressure applied to the 
power transmitting member in accordance with 
a previous state of increase of the clamping e 
pressure that is stored. 

9. The method according to claim 8, wherein the 
clamping pressure applied to the power transmitting 
member is increased each time a slippage of the 10 
power transmitting member is detected. 

10. The method according to claim 8 or 9, wherein: 

the step of storing further comprises counting 15 
the number of slippages by incrementing a 
count value each time the slippage of the power 
transmitting member is detected; and 
the step of increasing a clamping pressure 
comprises adjusting an amount of increase of 20 
the clamping pressure on the power transmit- 
ting member in accordance with the count value 
of the counter. 

1 1 . The method according to claim 1 0, further compris- 25 
ing: 

decreasing the count value when no slippage 
of the power transmitting member is detected dur- 
ing at least one period of time that corresponds to 
the predetermined period of operation of the vehi- 30 
cle. 

12. The method according to claim 10 or 11, wherein 
the amount of increase of the clamping pressure is 
increased by a first addition value for each incre- 35 
ment of the count value when the count value is 
equal to or less than a predetermined value, and is 
increased by a second addition value for each in- 
crement of the count value when the count value is 
greater than the predetermined value, the second *o 
addition value being set to be smaller than the first 
addition value. 

13. The method according to any one of claims 10-12, 
wherein the step of storing further comprises limit- 
ing the number of slippages to a predetermined val- 
ue. 

14. The method according to any one of claims 8-13, 
wherein the predetermined period of operation of 50 
the vehicle is a period between a start of an engine 

of the vehicle and a stop of the engine. 
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FIG. 6 
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FIG. 8 
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